4i 

PP<X ^^nj} INTELLECTUAL PROPERTV ORGANIZATION 

XX^ M. ■ ^^^^ IntemaCionBl Bateau 



INTCRNATIONAL APPUCATION PUBUSHED UNDER TOE PATENT <:X)OPHRATION TREATY (PCT) 



(51) International Patent Classification ^ : 
B60C 23/04 


Al 


(11) International PubUcation Number: WO 99/29524 
(43) International Publication Date: 17 June 1999 (17.06.99) 


(21) International Application Number: PCTAJS97/22570 

(22) International FQing Date: 9 December 1997 (09.12.97) 

(71) AppUcant (for all designated States except US): THE 

GOODYEAR TIRE & RUBBER CX)MPANY [US/USl; 
1 144 East Market Street. Akron. OH 44316-0001 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): PARRISH. Gary. Charles 
[US/US]; 8805 Greenmeadow Avenue. Canal Fulton, OH 
44614 (US). BEAUVAIS, Melissa, Marie [US/US]; 1577-C 
Tteetop Trail. Akron, OH 44313 (US). DUNN. Wlliam, 
Frank [USAJS]; 4730 Nottingham Lane, Stow, OH 44224 
(US). BELSKI, Gary, Thomas [US/US]; 7999 Fayette 
Avenue. N.W., Massillon, OH 44646 (US). 

(74) Agent: WHEELER, David, E.; The Goodyear Tire & Rubber 
Company. Dept. 823. 1 144 East Market Street. Akron. OH 
44316-0001 (US). 


(81) Designated States: AL. AM, AT, AU, AZ. BA. BB. BG. BR, 
BY, CA, CH. CN. CU. CZ. DE. DK, EE. ES. FI, GB, GE. 
HU. IL. IS, JP, KE. KG. KP. KR, KZ. LC, LK, LR. LS, 
LT. LU, LV. MD, MG, MK, MN, MW, MX. NO. NZ. PL, 
PT, RO, RU, SD, SE, SG. SI, SK. TJ, TM, TO. TT. UA, 
UG. US. UZ, VN. ARIPO patent (GH, GM, KE. LS, MW. 
SD. SZ, UG. ZW), Eurasian patent (AM, AZ. BY, KG, KZ. 
MD, RU, TJ. TM). European patent (AT. BE, CH, DE. DK, 
ES, FI, FR, GB, GR. IE. IT. LU. MC. NL, PT, SE), OAPI 
patent (BF. BJ, CF, CG, CI. CM. GA. GN, ML. MR, NE. 
SN. TD. TG). 

Published 

Wi^ international search report. 



(54) Title: PRESSURE SENSOR FOR A TIRE AND METHOD THEREFOR 




(57) Abstract 

An apparatus (12) 
is attached to a tire 
(10) encapsulated within 
elastomeric material (16) 
located within the toroidal 
region of pneumatic tire (10). 
Hie apparatus is preferably 
embedded in the tire at its 
equatorial plane (EP). An 
integrated circuit chip of 
the transponder has at least 
the capacity to handle and 
transmit data relating to tire 
pressure. 
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PRESSURE SENSOR FOR A TIRE AND METHOD THEREFOR 
Technical Field 

Tliis invention lelates to an appaxabas for electronically transmitting tiie piessuie data at 
radio finequraicy. The appaiatus includes a radio-ftequency tran^ 

circuit chip having capacity at least suffident to transmit piessuie data for the tiie or wheel and a 
pressure sensor. 

As illustrated by the references described below, it is known in the art to transmit, at radio 
firequoKdes, data from a transponder contained within the structure of a tire or tire and whed 
assembly. 

In the prior art, most of the difSculties encountered in inooiporadng smsors into a tire ace 
caused by the stresses encountered in the tire building process and the sometimes rigorous 
conditions to which a tiie is subjected. S^isors and transponder syst^ns can be destroyed by heat 
and pressure in the tire building process, and can be destroyed by rou^ use, shock or grime when 
in use in a tire. 

Accordingly, a s^isor wMch is to be embedded in a tun to record and transmit tire data 
must be robust enough to survive tire stresses, light enough so as not to affect the balance of the 
tire, and sized or placed so as not to int^eie with the integrity of the tire. Also, the cost of the 
apparatus should not be more than a small percoitage of the total cost of the tire. 

Some prior ait pressure sensors that may be used in a tire are e^iposed direcdy to the 
inflationchamber of the tire. Dirt and dd>ris from the tire may contaminate the device and affect 
the accuracy of the reading or make it non-functional. Also, when a sensor is embedded in a tire 
constmction in the tire building process and it stops functioning, it usually cannot be rq)laced in 
the cured tire witiiout destroying the integrity of the tire. 

In an effort to attach a pressure s^isor in a tire in a way that it would be protected, the 
inventors herein secured a pressure sensor inside a rubber patch or pouch in the inflation chamber 
of a tire. Although the pressure sensor was protected and gave some accurate readings, the 
response time was very slow, and when pressure in a tire was changed to test accuracy of the 
pressure s^isor, the time necessary for the pressure sensor to reach equilibrium with the pressure in 
the inflation chamber of the tire was sometimes many days. 
Backgroimd Art 

Tire safety indicator means have been provided in the prior art to indicate when the tread of 
a tire is worn to the point where the tread or the tire must be rq>]aced. See for example De Cicco 
in U.S. Patent 3,770,040. 

As the art has advanced, systems for monitoring vehicle tire pressure and the like have 
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been proposed wheidn a transmitter an^ and 
magnedcally coupled inductor and aohancer dicuits are carried on die vefaide wheel to provide 
monitoring of vefaide die pxessuie, as described by Odier devices 

to monitor tire pressure have beea proposed by Galasko et al., in U.S. Paimt 4,578,992, who 
5 teach a coil mounted in a tiie whidi fonm, widi a capacitor, a passive osdl^ Tlie 
drcuit is eneigized by pulses sq^plied via a coil positioned outside the tire and secured to the 
vdiicle, and the fisquency in the passive oscil]atoiy<±xaiit is va^ 

changes caused to the cq)adtance value of the capacitor. The frequmcy in the dicuit is sensed by 
a coil positioned outside die the and secured to the vdiide. 

10 Milhdser, in U.S. Fatsat 4,730,188, teadies the use of apassive integrated transponder 

which is attadied to or imbedded in an h^ to be idCTtified, and is excited b^ 
coiq>Iing fiom an interrpgator. 

Fioileda, in U.S. Patent S,289,160, teaches a wiieless the piessuie monitoxing system 
which warns a driver of low piessuie in <nie or moietues. Fiorlettateadies that a piessuie 

15 transducer, transmitter and antenna aie integrally housed and mounted to the tire stem of a tiie. 
Whm the pressure transduce soses a tiie pressure bdLow a pre-select^ 
broadcasts a radio frequency signal that, upon detection by a receiver mounted on the vdiide, 
warns the driver. In a preferred embodimmt, the transmitter is a device that is periodically 
intenogated by an RF signal from a transmitter on the vdiicle. 

20 In PCT Applications WO90/12474 and 90/01754, it is taught that electronic transpondere 

can be ^bedded within or on vducle tiies with wire loop antrauias and electromagnetically 
actuated by signals fiom an mtmogator coil. Hie application indicates that the transponder 
responds to actuation by producing a shifted fiequency modulated with synchronization pulses and 
identifymg digital information, and can also be used to include infiDimation on die condition and 

25 envuonm^ of the tire. 

H^tich et al., in U.S. Patmt 5,140,851, teach a circuit anangem»t for monitoring air 
volumeinvefaicletives which provides conection for the temperature of the tire. The patmt states 
diat die t^nperatuie and pressure measurMUOTt value of the tire is measured by a rotating sensor on 
the wheel, which is monitored, and die data fed to a correction drcuit which also receives a 

30 ptoraKty of correction parameters. A corrected vahie fin- the temperature or for die air pressure in 
die tire is transmitted at ou^ of the conection dicuit as a function of the corr^^ 

PCT .^)plication WO92/20539 provides an abnormal the condition warning system which 
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comprises a housing, a band for mounting the housing on the tiie rim, a sensor for monitoring the 

condition within the tire, circuitiy opeiadvdy connected to the sensor for g^iecat^ 

indicative ofthetiie condition, a power supply operativeiy connected to the dn^uitiy, a centrifugal 

switch and a receiver for receiving the radio signals. 
5 Dunn et al., in U.S. Bafemt 4,911,217 describes a xadio-fcequaicy tiie identification syst^ 

having an integrated circuit chq> transponder. 

Pollack ^ aL, in U.S. Patent S,181,97S, teach a tire having an int^iated circuit 

transponder which comprises a coil antmna of small enclosed area, as compared to the area 

mclosed by the bead of the tire, whkdi acts as a primaiy winding of a transformer. Thecoilis 
10 planar in sh2^, and whm positioned between tiie inner liner and the carcass ply of the tire, may 

include a pressure sensor. 

Blown et al., in U.S. Patrat 5,218,861, teadi a pneumatic tire haying an integrated circuit 

tran^Kmder which has an antenna which is coupled by electric or magnetic fields to the bead of the 

tixe. 

IS KochetaL, hiU. S. Patent 5,500,065 teaches locating a monitoiii^ device radiaUy 

of the inner liner in a pnmmatic tire, somewhere in the crown portion of the tire. 
DeBititions 

The following definitions are provided to facilitate tiie reading of the spedfication and. the 
understanding of tiie invention. 
20 "TransnuttCT" refers to a radio fiequmcy onitter. 

"Beceiver" refers to a radio fnequoicy recefMor. 
"]bitrax)gator*' refers to a transmitter-receive decoder combination. 
"Transponder" refers to a receiver of KF eneigy cs^ble of transmitting coded information 
to an interrogator (scanne). 
25 "Equatorial plane (EP)" refers to tiie plane intersected at the tire craterline. 

"Radially" refers to a radius line from a tire axis to a tire circumference, and lines parallel 

thereto. 
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Brirf DesGription of Drawings 

Fig. 1 fflustralesacrosssecdcmofaRMTCiad^ 
of the inv«don embedded in the ciown of Hie tke. 

Fig. ZiUustratesanenlaigedviewof apoitkmof tlietiieof F^ 1 

Fig. 3 iUustfiite8anq>paiatusof tbeinvrntioninatiieasv^ 

lim. 

Industrial Applksibilily 

An appaiBtus for electionicaUy tEansroitdng pnem 
comprises a tcanspQad«assodbted with a pisssuro Bxtemaliy-induced nuiio-fiequency 

exdtatbn causes tlie data to be sequotitially output from the q)paiatiis as a voltage value 
corresponding to the piessuie in the infbtion diam^ 

The pneumatic tiie concQxrises an outer sui£Eu:e including a ground contacting sui&ce and an 
inner inflation chamb^, and a pressure sensor CTopsulated by fflcspsulating means aiggnHfttfd with 
a xadiaUy inn^ surEace of the inflation chamber, and a widdng means associated widi the piessuie 
sensor wh^eby the widdng means provides a padi for pr^^ 

sensor and the inflation chamber. Ilie widdng means is selected from the gzoiq> consist 
absoibing textile cords, hoUow filaments, and woven textile 001^ Hie m:q>sulatuig 

means coriqirises a patch of rubber sunoimding the pTB^^ the patch of rubb^ being 

attached to a radially inward sur&ce of the inflation chamber. 

More specifically, the pneuinatic tire comprises at least two paiallel annular beads, at least 
one carcass ply wrapped around the beads, tread di^sed over the at lea^ 
crown area of the the, sidewalls disposed betwera the tread and the beads, and an inflation 
chamber radially mward of the tread and axiallv betwem tiie sidewalk, and an ftnrapgiiatfd 
SCTsmg system associated with the inflation chamber. The sensing system comprises an apparatus 
for transmittmg tire pressure data comprising a tcanspond^, with a chq) having c£Q)adty at least 
sufiicimt to handle pressure s^isor data, for responding to predetermined signals which trigg^ a 
reqxmsive signal for transmitting pressure data from the the, and a pressure senj^nr aiggrvMqtfxl with 
the transponder, an enopsulating means for encapsulating the pressure sensor, and a widdng 
means for providing pressure equilibrium betwem the mcapsulated pressure sensor and the 
inflation chamber. 

In an illustrated embodunent, tfie pneumatic tire has an uiner liner which is di^sed 
radially inward of the carcass ply and the pressure sensor is next to the inner liner and the 
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CTCsqpsuladng means is attached to the inner ^ In the iUustiated enibodinieat the piessuie 
sensor is further coated or surrounded by insulating lubber. 

The widdng means may be selected from the groap consisting of gas absoibing textile 
cords, hollow filaments, and woven textile cords or filamrats. 

Also provided is a m^hod of attaching a piessuxe sensor to an inflation chamber of a 
pnramatic tire comprising the steps of, (a) placing a pressure sensor in a tire construction in a low 
flexing, substantially flat location corresponding to a sur£Eu:e of an inflation chamber in a tire, 
(b) placing a widdng means over the pressure smsor, (c) attaching a rubb^ patch material to the 
surfibce of an inflation chamber over the pressure sensor and the wicking means wherein the 
widdng means has at least one end outside the dimensions of the rubber patch . 

In an illustrated embodiment, the method furdier comprises the stq>s of (a) building the tire 
with an inner lin» comprising a radially inward sui&ce of the inflation chamber, (b) placing the 
pressure sensor next to tiie inner liner, (c) placing the widdng means over tiie pressure sensor, and 
(d) adhesively attaching a mbber patdi to the inn^ liner covering the pressure sensor and partially 
covering die widdng means. 

As is the case with similar prior art devices, the transponder is designed to receive a signal 
fiom a transmitting device for electronically actrvradng the electronic circuit of the chq> and for 
transmitting data from the electronic circuit to a receiving device. 

K is an d3ject of the invention to provide a pressure sensor which can be built into a tire, or 
can be attadied to a completed tire in a mann^ that protects the sensor from debris in the tire yet 
gives quidc and accurate readings, and is small enough that it does not have a noticeable affect on 
the operation of the tire. Cttherobjectsof die invention win be 2q[)parent fro 
descnption and claims. 
Description of fhe Invention 

With lefeience now to Fig. 1, a tire 10 is illustrated whidi incorporates ^^iparatus 12, 
winch can be used to provide tire data such as the inflation pressure witiiin the tire. As is 
conv^onal in the art, the tire is made using at least one pair of annular beads 22 over which is 
vnafped at least one carcass ply 28. Bdts 32 are disposed over carcass ply 28 in a crown area of 
the tire, and tiead 30 is disposed over belts 32. Sidewalls 24 are disposed between tread 30 and 
beads 22. In die illustrated CTibodhnent, the tire also has an inner linar 14 which is di^sed 
radially below carcass ply 28. Inflation chamber IS contaim the fhiids used to inflate the tire wte^ 
the tire is mounted on a rim. 
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Theti]S]UustiatedisanBMT(]:adMmed^ but those skilled in the ait will 

tecognize that the invration may have utility in passenger dies, or any tiie for which data on the 
piessaie within the tire is needed. 

Atite, depending on the Idnd, may have up to 4 pairs of beads, upp 12 carcass plies, and 
iq) to 12 bdts. 

Apparatus 12 is a tianspon^ with a clup 12a having at least oqiacity to collect and 
transmit pressure data, and a pressure s^fior 12b associated with said tianiqxnider. 

>^jpaiatiis 12 is located in the tire in a position where flerii^ is minimal and wh^ 
substantially flat sur&oe can be used to assure attachment of the appaxaius to the inflation chamber 
IS. Thelower adewaU near the bead and the center of the crown area of die tir^ 
possible locations for attachmrat of sqppaiatus 12 to the tire ^1^^ 

In the illustrated CTibodiment, s^paiatus 12 is disposed under the center of the tread, i.e. at 
theeqi]atorialplane(EF)ofthetire, andradially below carcass ply 28 and inner liner 14. 
>^)paratus 12 conqxiises one or more integrated (±ncuitchq^ an antenna 12c and any ancillary 
components needed for making pressure data on the tire readable. 

The transponder component of die qyparatus 12 is similar to those illustrated in U.S. 
Rdmts 5,181,975 and 5,218,861, assigned to Ihe Goodyear Hre and Robber Canspany, and 
commonly assigned Attoniey*s Docket Nos. DN1997-192, 1996082 and 1997-195, which may be 
used to monitor tire pressure. The pressure sotisorconipon^ used in the illustrated embodimotf 
a Case Westem Reserve Univ^:sity device described in U.S. Patent 5,528,452 to Ko. 

^th reference now to Figs. 1, 2 and 3, in the illustrated embodiment the sqiparatus 12 may 
stand alone in the tue 10 to provide pressure data only. Those skilled in the art will recognize that 
the pressure sCTSor used in the invention can be used widi other srasing devices and may be 
associated with annular antramae to provide a 360° read around the tire as illustcated in the prior art 

discussed above or in U.S. application to The Goodyear The & Rubbor Conqiany, Attom^'s 

Dock^No. DN1996082. 

When SQiparatus 12 is incoiporated into a tire, it is placed on the surfisice of inflation 
chamber 15, said surfiu:e bdng inner lider 14, if the tire contaim an inner line or the radially 
inn^surfaceof carcass ply 28, if no inner liner is used, with or without an adhesive. Inthe 
illustrated embodiment, sqjparatus 12 is surrounded by insulatmg rubber (not shown) to prefect the 
electronics therein from stray electrical charges and fiom potmtials applied by test equipment used 
to inspea the casings in retread ppa[ations. Insulating lubbCTS disclosed in the Goodyear 
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s^licadon rcferred to above aie suitable for this puipose. 

Rubber patch 16 is the primaiy means by whkA aiq[>aratus 12 is held in place. 

Because it is prsfeired that apparatus 12 be isolated from inflation cbamb^ IS, so that dirt 
and foreign matter do not foul the pressure smsor, all of the suifiice aiea of patch 16 which can be 
placed in contact with the sui&oe of the inflation chamber IS is securely attadied th^^i^, i.e. it is 
preiierred that £f9>a]atus 12 be oompletdy encash Theattachmentof patch 16 

to inflation chamber IS can be made adhesively and/or by vulcanization when the tire is being 
built, or may be incoipoxated into a complied tire adhesively, for exanqple when a tire is being 
submitted for retreading. 

Batch 16 is an elastommc mat^ial, preferabty natural lubber. In the illustrated 
raibodiment, apparatus 12 is not attached to or vulcanized into the tire, but is held in place by die 
surrounding relationshq> of patch 16. 

To reduce the response time of apparatus 12, and provide quidc equilibrium b^e^ the 
pressure smsor and inflation diamb^ IS, apath means 18 is provided betwem the pressure sensor 
and inflation chamber IS which pennits gas molecules to migrate to and from the pressure sensor 
and inflation chamber IS. AMiough technicaUy, path means 18 may be provided as a pm 
elastommc patch 16, inreahQr, apinholehasatendracy tobepluggedby adhesives, the flow of 
mbber during vulcanization, and grime, and some means must be provided to assure that the path 
remains open. Accordingly, in the illustrated mbodimmt, path means 18 is provided as string or 
cord, preferably in the form of a bleeder cord, a stiq> of fabric woven with bleeder cords, or a 
hollow filammt. Sudi bleeds cords are desoibed by ^ al in U.S. Patent 4,363,346, and by 
Sid-Ahmed in U.S. Patent S,221,382 and refiraimces cited therein. 

Path means 18 may be longer than patdi 16, or may be placed so that one end thereof 
ext^ids beyond an edge of patch 16 or is exposed above the sui&ce of patch 16. 

Patii means 18 is placed over apparatus 12, and patch 16 is thra placed over path means 
18, taking care that at least one ead of path means 18 remains outside the dimoisions or the surface 
of patch 16. In the illustrated embodimrat, both ends of patii means 18 extend outside the 
dun^isions of patch 16. 

In tire tests, it has been shown that path means 18, when bleeds cords or filaments are 
used, provides a path that makes the pressure sensor qmddy responsive to pressuro changes in the 
tire. Since bleeder cords permit flow of simple molecules, but prevent the flow of macro 
molecules such as grime, adhesive, and rubber, the pressure s^isor is kept free of debris and 
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grime. 

When inner liner 14 is used in a tiie, a|)panitiis 12 is placed next to inner liner 14, path 
means 18 is placed over ai^iaiatus 12, and patch 16 is placed over path means 18 and apparatus 12 
and is attached to inner liner 14. 

While the invention has been specifically illustrated and described, those sddlled in the ait 
will recognize that the invention may be variously modified and practiced without dq^aiting fixnn 
die i^nrit of die inv»tion. The invention is limited only by the scope of the following daims. 
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CLAIMS 

1 . A pneumatic tire compiisiiig an outer surface including a ground contacting sui&ce and an 
inner inflation dianiber, and a piessuie sCTSor 

a radially inner surface of said inflation c±amber, and a widdng means assoicdated with said 
pressure sensor whei:d)y said widdng means provides a path for pressure 
pressure sensor and said inflation diamber. 

2. The pneumatic tire of claim 1 wheidn said wicking means is selected fiom the gn^ 
consisting of gas absoitiing textile cords, hollow filaments, and wcfvcn textile cords or filaments. 

3. The pneumatic tire of claim 1 wherdn said mcapsulating means comprises a patch of 
rubber surrounding said pressure s^isor, said patch of rubber being attached to a radially inward 
surface of said inflation chamber. 

4. A pneunialic tire ccmiprising at least two paiaUd annular be^ carcass plies wnQ)ped 
around said beads, tread disposed ov^ said carcass plies in a crown area of said tire, sidewalls 
disposed betwem said tread and said beads, and an inflation chambn radially inward of said trsad 
and axially b^eea said sidewalls, and an oicapsulated smsing system associated with said 
inflation chamber, said sCTsmg system comprising an iQq)anaus for transmit^^ 

conqirising 

a tcan^nder for responding to predetemiined signals which trigger a responsive 
signal for transmitting pressure data, 
a pressure s^isor, 

a diq> associated with said transpomter having cs^iadty at least sufficient to handle 
input from a pressure s^isor and to transmit pressure data from said tire, 
an encapsulating means for CTcapsiilating said pressure sensor, and 
a widdng means for providing pressure equilibrium b&tween said encapsulated 
pressure sensor and said inflation chamber. 

5. The pneumatic tire of claim 4 wherein an inner liner is disposed radially inward of said 
carcass ply and said pressure s^isor is proximal to said inner liner and said raaq)sulating means is 
attached to said inner liner. 

6. The pneumatic tire of claim 4 wherein said wicking means is selected from the group 
consisting of gas absorbing textile cords, hollow filaments, and woven teTctile cords or filaments. 
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7. A mediod of attaching a piessiire sensor to an inflation chamber of apneumatic tiie 
comprising the steps of 

(a) placingapiessiTOsensorinatiieconstmctioninalowflexm substantially flat 
location conesponding to a sur&ce of an inflation chamber in a tiie, 

(b) placing a ^ddng means cfvet said piessuxe sensor, 

(c) a t ta ching a nibberpalch of rubber material to said sur&ce of an inflation diamber 
over said pressure sensor and said widdng means wherein said widdng means has at least one end 
outside the dimensions of said rubber patch. 

8. The method of claim 7 fiirth^ comprising the steps of 

(a) building said tiie with an inner liner comprising a radially inward suiface of said 
inflation diamber, 

(b) placing said pressure smsor on said inner liner, 

(c) placing said wicldngnieans over said pressure so^ 

(d) adhesively attadung a rabbapatdi to said inner liner covering said pi^^ 
and partially coverixig said widdng means. 

9. Hie medxxl of daim 7 comprising die further stq> of sdecting said widdng means fiom 
the gtoup consisting of cotton bleeder cords, polyest^ bleeder cords, hollow fiiammtg and 
mixtures thereof . 
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